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Abstract

Canada’s National Building Code (NBC) requires build-
ers to use the reference-building approach for its perfor-
mance compliance path. It is well understood that the ref-
erence-building approach does not recognize the benefit
of architectural form in the design of energy efficient
buildings. In 2022, the Canadian Board for Harmonized
Construction Codes established a task group for devel-
oping an alternate absolute performance compliance
path in the NBC. This group was faced with the chal-
lenge of setting absolute energy performance targets that
are consistent with the code's current energy efficiency
requirements. This paper developed a methodology for
determining energy performance targets that align with
the reference-building targets of the NBC’s performance
path. It then evaluated potential design outcomes associ-
ated with the proposed absolute energy performance tar-
gets, expecting that houses with a wall-to-floor area ratio
of less than 1.0 and window-to-floor area ratio of less
than 0.2 will show a better energy performance under the
proposed absolute performance compliance path than the
NBC'’s existing reference-building performance compli-
ance path. The proposed absolute energy performance
targets for tiers 3 and 4 are in good agreement with the
British Columbia (BC) Energy Step Code, however the
proposed targets for tier 5 are more stringent than the BC
Energy Step Code.

Introduction

Several countries have adopted an absolute performance
compliance path in their building energy codes. Exam-
ples include Germany’s EnEV (Galvin, 2010; Schettler-
Koéhler & Ahlke, 2018a), Sweden’s Building Regula-
tions (Allard et al., 2017), and Building Energy Effi-
ciency Standards of California (2019). These code au-
thorities prefer absolute energy performance targets in
lieu of the reference-building approach due to the limita-
tions of the latter approach in designing energy-efficient
buildings (Schettler-Kohler & Ahlke, 2018b; Liu et al.,
2019). For instance, the reference-building approach is
insensitive to buildings’ forms as a proposed building

and its associated reference building have identical ge-
ometry (Figure 1) (Gilani et al., 2022; Foroushani et al.,
2022). Casals’ (2006) study of European building energy
codes argued that the reference-building approach leads
to housing forms that are less compact and consequently
less energy efficient.

Proposed Building

Reference Building

Figure I Identical geometry between a proposed build-
ing and its associated reference building.

In Canada, builders choosing the performance path for
compliance with the National Building Code (NBC)
must use the  reference-building approach
(CCBFC/NRC, 2020). However, some jurisdictions such
as the British Columbia (BC) Energy Step Code (BC
Housing, 2017) and Toronto Green Standard (City of To-
ronto, 2018) have adopted the absolute performance
compliance path as an alternative compliance path. In
2022, the Canadian Board for Harmonized Construction
Codes (CBHCC) has established a task group to develop
an absolute performance compliance path as an alterna-
tive performance compliance path in the NBC.

As the task group did not know how to determine abso-
lute energy performance targets in a way that aligns with
the current reference-building targets of the NBC, this
research developed a methodology for this purpose. This
methodology included development of simple linear re-
gression models for determining absolute energy perfor-
mance targets based on the most influential factors. Ex-
pected design outcomes of the proposed absolute energy



performance targets were also investigated in this re-
search.

Methodology

This section explains what performance metrics this re-
search proposes for the presented absolute performance
compliance path, and the methodology developed for de-
termining absolute energy targets for each performance
metric.

Performance Metrics

The NBC requires three energy performance metrics for
the performance compliance path: (1) annual gross space
heat loss (GSHL), (2) annual mechanical energy use
(MEU), and (3) peak cooling load (PCL).

The GSHL (kWh) is a metric for evaluating energy per-
formance of a house’s envelope, excluding thermal loads
from internal and solar heat gains. As per the NBC, the
annual GSHL shall include all heat losses through the
house envelope. This research proposes the annual
GSHL intensity (GSHLI) (kwh/m?) as an adaptation of
the GSHL metric through normalizing GSHL by heated
floor area of the house as per Equation (1).

HL (1)

Afloor

GSHLI =

where HL is the annual cumulative heat loss from con-
duction through the house envelope (both opaque and
transparent), air infiltration and exfiltration, and me-
chanical ventilation, and Asoor is the heated floor area
(m?) of the house.

The annual MEU (kWh) shall include space heating,
cooling, and ventilation, and domestic hot water energy
use (HWEU) based on the NBC’s calculation method.
This research proposes the annual MEU (kWh) as a com-
bination of: (1) the energy use intensity (EUlnvac) of the
HVAC systems multiplied by Aseor Of the house, and (2)
hot water energy use. The annual EUlvac and MEU are
calculated using Equations (2), (3), and (4):

EHVAC = Eheating + Ecooling + Eventilation (2)

Eyvac 3
EUlyyac = - ®
floor
MEU = EUlyyac X Afioor + HWEU 4)

where Envac is the energy used for space heating, cool-
ing, and mechanical ventilation, Eneating (KWh) is the an-
nual energy used for space heating, Ecooling (KWh) is the
annual energy used for space cooling, Eventilation (KWh) is
the annual energy used for mechanical ventilation, and

HWEU (kWh) is the annual energy used for water heat-
ing.

The NBC requires calculating PCL (W) as a metric to
reduce the overheating risk. As per the NBC, the PCL
shall report the maximum hourly-averaged rate at which
heat is removed from a house to keep the house at the
cooling setpoint temperature. If a house is not equipped
with a cooling system, the design cooling load under de-
sign conditions is used instead of the peak cooling load
of the cooling system of the house. This research pro-
poses the use of the PCL intensity (PCLI) (W/m?) nor-
malized by Asieor OF the house.

Absolute Energy Targets

To develop reference-building equivalent energy perfor-
mance targets for the GSHLI and MEU metrics, this
study referenced a statistical representative sample of
Canadian contemporary housing archetypes that Natural
Resources Canada (NRCan) (Asaee & Ferguson, 2018)
has developed based on the EnerGuide for Houses data-
base (Natural Resources Canada, 2020) and the survey
of household energy use (SHEU) (Natural Resources
Canada, 2015). The open-source HOT2000 files of
NRCan’s 240 archetypes are available through a public
GitHub repository (Natural Resources Canada, 2019b).
The reference house of all the NRCan’s 240 archetypes
were simulated in 104 Canadian locations with various
heating degree days (HDDs) from 2,650 to 12,360. The
reference house associated with each archetype and lo-
cation was generated automatically and simulated using
the Housing Technology Assessment Platform (HTAP)
(Natural Resources Canada, 2019a) as per the NBC’s
prescriptive requirements.

Among various climate and design-related parameters
(Figure 2), it was found that the most influential factors
on a house’s GSHLI are HDD and wall-to-floor area ratio
(Wall-FR) with a relatively high correlation of 0.63 be-
tween GSHLI and HDD and 0.68 between GSHLI and
Wall-FR. It was also found that there is a strong correla-
tion (0.72) between EUlnvac and HDD and there is a
moderate correlation (0.51) between EUlnvac and Wall-
FR. This research proposes using HDD as the the predic-
tor variable as HDD is an external factor that a designer
does not have control over.

The analysis on the correlation between HWEU and var-
ious climate and design-related parameters showed that
there is a weak correlation (0.20) between HWEU and
HDD and a very weak correlation between HWEU and
Wall-FR (Figure 2). Hence, a constant value of 6,500
kWh/yr is suggested for HWEU based on the median val-
ues obtained for electrically and gas heated archetypes.



-1.00
HDD

-0.75
Wall-FR
0.50
Envelope to volume
0.25
Floor area (m?)
0.00
Wall area (m?)
-0.25
Windows area (m?)
-0.50
House volume (m?)
-0.75
Envelope area (m?)
-1.00

GSHLI (kWh/m?)
EUlpyac (KWh/im?)
HWEU (kWh)

Figure 2 Correlation between metrics and climate/de-
sign-related parameters.

Once the most influential factors on GSHLI and EUlnvac
were identified, a simple linear regression model was fit
for each performance metric to develop performance tar-
gets for typical houses. Simple linear regression models
were used in this research as these models are easier for
users to calculate the energy targets based on only one
predictor variable.

To fit simple linear regression models for each perfor-
mance metric, the median GSHLI across reference
houses of NRCan’s 240 archetypes for each HDD was
calculated. Then, a simple linear regression model was
fit to the median values of GSHLI to describe the rela-
tionship between the predictor variable of HDD and the
response variable of GSHLI (Figure 3). A simple linear
regression model was also developed for EUlnvac using
the same methodology to describe the relationship be-
tween the predictor variable of HDD and the response
variable of EUlpyac (Figure 4).
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Figure 3 Relationship between GSHLI and HDD with
the simple linear regression model fit to the median val-
ues of GSHLI across NRCan s 240 archetypes at each

HDD.
.
800+
. .
.
700 . .
.
o* l .
600- . : .
— . * .* .
= ' «® 8 .
=~ ° .
£ 5001 SR B
= > 2
§ 400 il
2 ¥is

3004

2004

1004

0K 2K 4K 6K 8K 10K 12K
HDD

Figure 4 Relationship between EUlny c and HDD with

the simple linear regression model fit to the median val-

ues of EUlnyac across NRCan's 240 archetypes at each
HDD.

Results and Discussion

This research proposes Equations (5) and (6) for calcu-
lating annual GSHLI (kWh/m?) and EUlnvac (KWh/m?)



targets for meeting tier 1 of the NBC based on a loca-
tion’s HDD. The annual MEU target (kWh) is then cal-
culated using Equation (7).

GSHLI = 0.02 x HDD + 32.6 (R2=0.98)  (5)
EUlnvac = 0.02 x HDD - 12.3 (R2=0.98)  (6)

MEU = EUlnvac X Agigor + 6500 @)

This research proposes that the GSHLI and MEU targets
calculated by Equations (5) and (7) be scaled by an ad-
justment factor depending on the tier as per NBC’s Sec-
tion 9.36.7.2 (Table 1). In this way, the proposed abso-
lute energy performance targets will be in line with the
targets defined in the NBC for the performance compli-
ance path.

A cooling load target of 15 W/m?2 was also considered

following guidance from CBHCC task group members.

Table 1. Adjustment factors for GSHLI and MEU as per
NBC's Section 9.36.7.2.

Energy performance Tier 1 Tier 2 Tier 3 Tier 4 Tier 5
metric

GSHLI
MEU

1.00 095 090 0.80 0.60
1.00 090 0.80 0.60 0.30

To gain insights into potential design outcomes, geome-
try-related characteristics of the archetypes that meet at
least tier 1 of the NBC based on the proposed absolute
energy performance targets were also analyzed. Using
the simple linear regression models that were developed
for the performance metrics of GSHLI and MEU, refer-
ence-building equivalent energy performance targets can
be established for each tier of the NBC. It was then de-
termined if reference houses of each archetype complied
with the code via the proposed absolute performance
compliance path based on the NBC’s three requirements
(i.e. GSHLI, MEU, and PCL).

The archetypes whose equivalent reference houses met
each tier of the code via the proposed absolute perfor-
mance compliance path were identified. To this end, the
archetypes were first categorized into three categories
(Table 2): (1) the archetypes that met the GSHLI and
MEU targets for tier 1 as well as the NBC’s cooling load

requirement, (2) the archetypes that met the GSHLI and
MEU targets for tier 1, but did not meet the NBC’s cool-
ing load requirement, and (3) the archetypes that did not
meet either of the GSHLI or MEU targets for tier 1. Note
that as per the NBC, Category #2 can still comply with
the code via the proposed absolute performance compli-
ance path if they are also equipped with a cooling sys-
tem.

Table 2. Categorization of archetypes based on
meeting GSHLI, MEU, and cooling load re-

quirement
GSHLI MEU
Category  budgetfor  budgetfor Cooling

# tier 1 tier 1 load
1 Pass Pass Pass
2 Pass Pass Fail
3 Pass Fail NA

Fail Pass

Fail Fail

Figure 5 presents number of archetypes in each of the
three categories (see Table 2) in example cities in the six
Canadian climate zones. This figure shows that about
half of the archetypes do not comply with the code via
the proposed absolute performance compliance path as
they do not meet either the GSHLI or MEU targets,
whereas about half of the archetypes comply with the
code via the proposed absolute performance compliance
path with the code’s minimum requirement. There are
even some archetypes that meet higher tiers of the code
with no additional upgrades. Figure 6 presents number
of archetypes that meet each tier of the code via the pro-
posed absolute performance compliance path in example
cities in each Canadian climate zone. For instance, eight
archetypes can readily meet tier 5 of the code via the pro-
posed absolute performance compliance path in Vancou-
ver without any additional improvement in their enve-
lope or mechanical systems.
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Figure 5 Number of archetypes in categories #1, 2, and 3 (see Table 2) that meet the code via the proposed absolute
performance compliance path.
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Figure 6 Number of archetypes in categories #1 and 2 (see Table 2) that meet each tier of the code via the proposed
absolute performance compliance path.

Geometry-related characteristics of the archetypes that
fall into Categories #1 and 2 were compared to Category
#3 to identify expected design outcomes of the proposed
absolute energy performance targets. Figure 7 presents
Wall-FR bins and number of archetypes that meet the
code (Category #1 and 2) and do not meet the code via
the proposed absolute performance compliance path
(Category #3) at each Wall-FR bin in example cities in
each Canadian climate zone. Note that the Wall-FR met-
ric is an indicator of how compact a house form is. This
figure shows that none of the archetypes with Wall-FR
of larger than 1.0 meet the code via the proposed abso-
lute performance compliance path. This finding suggests
that builders of more complex, and more articulated
housing forms (with more corners) will find it harder to
comply via the proposed absolute performance compli-
ance path, although they may comply via the existing ref-
erence-building compliance path. On the other hand, the
archetypes with smaller Wall-FR (more compact forms)
will comply with the code via the absolute performance
compliance path, and may readily meet the higher energy
tiers of the code via the proposed absolute performance

compliance path with no upgrades in their envelope or
mechanical systems. For instance, the eight archetypes
that meet tier 5 in VVancouver (as presented in Figure 6)
have a Wall-FR of 0.3-0.4.

Figure 7 also shows that there are some archetypes with
a Wall-FR of 0.6-1.0 that do not meet the code via the
proposed absolute performance compliance path despite
their compact forms. Further analysis of those archetypes
showed that the archetypes with a Wall-FR of 0.6-1.0
that do not comply with the code via the proposed abso-
lute performance compliance path (Category #3) have
larger Window-FR compared to the archetypes with a
Wall-FR of 0.6-1.0 that comply with the code via the pro-
posed absolute performance compliance path (Category
#1 and 2). Figure 8 presents the relationship between
Avioor, Wall-FR, and Window-FR of the archetypes that
comply and do not comply with the code via the pro-
posed absolute performance compliance path. This fig-
ure shows that all the archetypes that meet the code via
the proposed absolute performance compliance path
have a Window-FR of less than 0.2.
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As Equations (5) and (7) provide energy targets for spe-
cific climate conditions and houses’ Asioor, SMaller houses
are afforded more stringent targets while larger houses
are afforded more generous targets. Hence, smaller
houses face significant onus to adopt energy efficiency
measures even though they use less energy than larger
houses. To establish more equitable requirements for
small houses, this research developed a method to esti-
mate an Asoor threshold for small houses. In this method,
the small house’s Asqor threshold is identified based on
the absolute (kWh) and intensity-based (kWh/m?) values
of GSHL and Envac. In the proposed method, the rela-
tionship between absolute and intensity-based values of
each metric is analyzed. Figure 9 shows these relation-
ships for the GSHL metric of the simulation results in
Ottawa. Each dot in Figure 9 represents each of the
NRCan’s 240 archetypes. The Asqor range of each arche-
type is shown by the color bar. The archetypes were then
classified into four classes based on the median of the
absolute and intensity-based values of the GSHL metric.
Among the four classes shown in Figure 9, Class #1 rep-
resents the archetypes with energy-efficient forms and
small Asoor as they have larger GSHLI compared to Class
#3 and 4 while they have smaller GSHL compared to
Class #2.

The same analysis showed similar trends for the Envac
metric (Figure 10) as GSHLI and EUlwyac are strongly
correlated. The median of the Anqor Of Class #1 for both
GSHLI and EUlvac across the 104 considered locations
was calculated as 115 m?. Hence, this research proposes
a threshold of 115 m? as a small house’s Afigor, Meaning
that if a house has an Aseor Of smaller than or equal to 115
m?, the house shall meet the GSHLI and EUluyac of a
house with an Asoor Of 115 m? using Equations (5) and

(6).
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Figure 9 Simulated absolute GSHL (GJ) and GSHLI
(kWh/m?) of NRCan's 240 archetypes in Ottawa. Each
dot represents each archetype. Red vertical and hori-
zontal dashed lines represent median of GSHL (GJ) and
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(kWh/m?) of NRCan's 240 archetypes in Ottawa. Each



dot represents each archetype. Red vertical and hori-
zontal dashed lines represent median of Exyac (kWh)
and EUlyac (kWh/m?) across NRCan's 240 archetypes,
respectively.

Figure 8 also shows that the archetypes that meet the
code via the proposed absolute performance compliance
path have a wide range of Aseor 0f 100 to 400 m2. There
is even an archetype with an Asoor Of about 400 m? that
meets tier 5 of the code in Vancouver via the proposed
absolute performance compliance path with no addi-
tional improvements in its envelope or mechanical sys-
tems. However, that archetype has a compact form
(Wall-FR of 0.36), reducing its heat loss through its ex-
ternal envelope. If the code defines targets for only
GSHLI and MEU, excluding a form factor, defining a
large house’s Afoor threshold is necessary as larger
houses will have larger targets to meet the code via the
proposed absolute performance compliance path based
on Equations (5) and (7). This research proposes a large
house’s Asoor threshold of 350 m? as the 95" percentile
Asoor OF the archetypes that meet the code via the pro-
posed absolute performance compliance path (Category
#1 and 2). This threshold means that if a house has an

Avioor OF larger than or equal to 350 m?, it shall meet the
GSHLI and EUlnvac of a house with an Asigor 0f 350 m?,

To evaluate the similarity between the proposed absolute
performance compliance path and other intensity-based
regulations, the proposed MEU targets were also com-
pared to those stipulated in the BC Energy Step Code.
The BC Energy Step Code defines MEU intensity for
various ranges of HDD and Asior, based on whether more
than half of the house has cooling equipment or not. The
BC Energy Step Code’s energy performance require-
ments for houses with an Ager Of 200 m? that are
equipped with cooling equipment were used. The results,
as presented in Figure 11, shows a good agreement for
tiers 3 and 4 (steps 3 and 4), indicating that the proposed
MEU targets are generally consistent with the BC Energy
Step Code’s MEU requirements. However, the proposed
MEU targets for tier 5 are considerably lower than Step
5 in the BC Energy Step Code. This suggests that the
NBC'’s target for tier 5 (70% improvement in the pro-
posed house’s MEU compared to its equivalent reference
house) is quite stringent compared to the BC Energy Step
Code.
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Figure 11 Comparison between BC Energy Step Code and proposed NBC's targets for MEU for a 200 m? house.

Conclusion

The present study developed a methodology for an abso-
lute performance compliance path as an alternative to the
reference-building compliance path of Canada’s NBC.
This methodology included development of simple lin-
ear regression models for determining annual GSHLI and
EUlnvac targets for meeting the NBC as a function of a
location’s HDD. The annual MEU target (kWh) is then
calculated based on EUlnvac and an annual HWEU of
6,500 kWh.

Based on the results, it is expected that builders of com-
pact houses with a Wall-FR of less than 1.0 and smaller
Window-FR (less than 0.2) will find the energy effi-
ciency requirements of the proposed absolute perfor-
mance compliance path to be similar to, or less stringent

than the existing reference-building performance com-
pliance path. Those houses will still demonstrate similar
or lower energy use than houses with typical architec-
tural forms that comply via the existing reference-build-
ing performance compliance path.

This study proposed heated floor area thresholds of 115
and 350 m? for small and large houses, respectively.
These thresholds offer relaxed energy budgets to houses
smaller than 115 m?, thereby recognizing that smaller
houses use less energy than larger houses, and that these
savings should be counted towards energy efficiency tar-
gets. This research also showed that intensity-based met-
rics afforded larger houses unnecessarily large energy
budgets, unless an upper floor area limit is also provided.
For this reason, the proposed absolute performance com-
pliance path requires that houses with heated floor areas



larger than 350 m? meet the energy targets for a house
with a heated floor area of 350 m?, or alternatively, com-
ply via the existing reference-building compliance path.

Comparing the proposed absolute energy performance
targets with the BC Energy Step Code also showed a
good agreement for tiers 3 and 4, while the proposed tar-
gets for tier 5 based on the NBC are more stringent than
the BC Energy Step Code.

These proposed changes will be published for public re-
view and comment in the spring of 2024. Upon comple-
tion of that review, CBHCC may elect to recommend
their incorporation into Canada's 2025 NBC.

Acknowledgment

Funding for this work was provided by Natural Re-
sources Canada.

References

Allard, 1., Olofsson, T., & Nair, G. (2017). Energy Per-
formance Indicators in the Swedish Building Pro-
curement Process. Sustainability, 9(10).
https://doi.org/10.3390/su9101877

Asaee, R., & Ferguson, A. (2018). Development of new
archetypes for building code analysis—Part 1: New
housing. Natural Resources Canada.

BC Housing. (2017). Energy step code buildings beyond
the standard: Metrics research.

California Energy Commission. (2019). Building energy
efficiency standards for residential and non-residen-
tial buildings: Title 24, Part 6, and associated admin-
istrative regulations in Part 1.

Casals, X. G. (2006). Analysis of building energy regu-
lation and certification in Europe: Their role, limita-
tions and differences. Energy and Buildings, 38(5),
381-392.

CCBFC/NRC. (2020). National Building Code of Can-
ada. National Research Council of Canada.

City of Toronto. (2018). Energy efficiency report sub-
mission & modelling guidelines for the Toronto
Green Standard (TGS) Version 3. Environment and
Energy Division & The City Planning Division; Bet-
ter Buildings Partnership — New Construction.
https://www.toronto.ca/wp-content/up-
loads/2018/03/97f1-City-Planning-TGS-V3-
Energy-Efficiency-Reporting-Modelling-Guide-
line.pdf

Foroushani, S., Bernhardt, R., & Bernhardt, M. (2022).
On the use of the reference building approach in
modern building energy codes. Energy and Build-
ings, 256, 111726.
https://doi.org/10.1016/j.enbuild.2021.111726

Galvin, R. (2010). Thermal upgrades of existing homes
in Germany: The building code, subsidies, and eco-
nomic efficiency. Energy and Buildings, 42(6),
834-844.
https://doi.org/10.1016/j.enbuild.2009.12.004

Gilani, S., Ferguson, A., & Stylianou, M. (2022). A sim-
ulation-based evaluation of the absolute and com-
parative approaches in a code compliance process
from the energy use perspective: Cold-climate case
study. Building Simulation, 15(8), 1401-1418.
https://doi.org/10.1007/s12273-021-0859-7

Liu, S., Hinge, A., Guo, S., Hao, B., & Lu, Y. (2019).
Building energy consumption quotas: A policy tool
toward sufficiency? ECEEE Summer Study Pro-
ceedings, 189-198.

Natural Resources Canada. (2015). 2011 Survey of
Household Energy Use (SHEU).
https://www.nrcan.gc.ca/energy/efficiency/17097

Natural Resources Canada. (2019a). Housing Technol-
ogy Assessment Platform (HTAP).
https://github.com/NRCan-1ETS-CE-O-
HBC/HTAP

Natural Resources Canada. (2019b). HTAP-Archetypes.
https://github.com/NRCan-1ETS-CE-O-
HBC/HTAP-archetypes

Natural Resources Canada. (2020). EnerGuide-rated
new homes. https://www.nrcan.gc.ca/energy-effi-
ciency/energy-efficiency-homes/buying-energy-ef-
ficient-new-home/energuide-rated-new-
homes/20578

Schettler-Kéhler, H.-P., & Ahlke, . (2018a). EPBD im-
plementation in Germany: Status in December 2016.
Federal Institute for Research on Building, Urban
Affairs and Spatial Development.

Schettler-Kéhler, H.-P., & Ahlke, 1. (2018b). EPBD im-
plementation in Germany: Status in December 2016.
Federal Institute for Research on Building, Urban
Affairs and Spatial Development.



